NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 



?.‘.£r , 2 AT. c:: k::z 7 r£r:i;: 

*•. ;?£ Lor:c’-7Li fa: 

f.L ' CJ ."?'* T "' : vc’~rv 


(NASA-Ca- 161648) FABB1CAII08 AND TESllN^ OF N81-il603 

A P8010TXPE LONGUALL FACE ALIGMEENI SISIEH 
Final Technical fiepoct (Adjunct Systens, 

Inc.) 38 p MC A03/flF A01 CStl 081 Unclas 

G3/43 27387 


fir.al Tscnicsi Fe&srt 
K c i : 1 ; c i : : c r. K c . = . /. 1 

C : r. t r £ r : = fc - , 1 E f 


r.ZiZ'j'.iZ’T £Vi7ir<= :;;c 

“ : - ? r : - ' A : . i V 

? ■; z '2'. . ! r i £ 

Kur. ;sv:::e A1 


V. -V 

r- ,<.v ^ 

^ i 

J 




7he v:crl ie»crt«c: h.rtir. •..•if :;r.tvc-*- und*r =cntrect !;A = £-5,.£f w • r. 
.-c ..'£:;3n£: .A % r =r.£ u t i c s ; r. i i--4c* a . r. . s t r * t i an . r:*rshi;i ==::* r- -v, 

'f i-. : :::r. ::r. t ii r. r. •• ... 


: * I i r . : • h * 


c : . r . : r f 


or PWfc 


ABLE OF CONTENTS 


tion P*p# 

INTRODUCTION 1 

CONCEPT OF THE FACE ALIGNMENT RECORDING 
SYSTEM : 

PHOTOGRAPHICALLY CONFIGURED FACE 
ALIGNMENT SYSTEM 10 

TEST RESULTS 14. 

4 1 LABORATORY TESTS . ... .14 

4 11 Electronic Viebility Tests. 14 

4 1 2 Mine Resdiness end 

Csllbrstion Tests IS 

COAL MINE TESTS 2 0 

5 1 PREPARATION TRIP ... 20 

S 2 LONCVALL OPERATION RESULTS 21 

5 3 MINE TEST SUMMARY REMARKS ... 22 

DESIGN CRITERIA 27 

BRUCETON TEST SUMMARY ... 30. 

AFENDICES 34 






1. INTRODUCTION 


i 

This Final Technical Report summarizes fabrication and testing performed 
under Modification 2 to NASA Contract No. NAS6-3481S pursuant c o the findings 
2 nd r e c omenda t i ons of work reported to NASA in Adjunct Syrtems Teohnical Re- 
port AS03040R1, January 1981 That report, titled “Design of a Laser System 
for Instantaneous Location of a Lcngwall Shearer," summarized calculations and 
measurements for the design of a laser-based system for monitoring and con- 
trolling the trajectory of the shearing machine as it progresses along the 
longwall face It was determined during the course of that analysis that an 
early version could be fabricated by employing simple mechanical contrivances 
and a standard miner's lamp This system could evolve into the laser/elect- 
ronic version with only modest changes required The advantage of the early 
version is the ability to test at the longwall face without procuring certain 
cpprovals from the Mine Safety and Health Amin i s t r a t i on which typically take 
a long period of time 


The Tasks to be performed under the contract modification were as 
f 0 1 . ows 


Design, fabricate, assemble, and perform laboratory and in-mine 
tests of an eKoerimcntal optical alignment system having the 
following characteristics 


< a The light sources used shall be existing, mine permissible 
units 

(b/ ,'lo electronic components shall be used in the experimental 



optical al ignis in t dtaign . 

(e> Tha lavico shall ba capabla of aatisfactorv oparationa in 

racording racaivad. raflactad light from a ahaarar at diat- 
ancoa of up to 600 faat along an oparatlng longwall faca 
(d> Tha «iyatain shall provida a photographic (hard copy) record 
of racaivad pulsad light baaaa showing tha path of tha 
longwall ahaarar as it procaada along tha faca cutting 
coal in tha horisontal plana (as) and tha vartlcal plana 
<ys) This ineludaa a clear plastic overlay to ba used in 
interpreting tha film strip in terms of clock locations. 

(c> The design shall be structured in such a manner as to 

permit a simpltt conversion from tha eaperimantal demon- 
strsticn model to an electronic version capable of auto- 
matic real-time trajectory control. 


Adjunct £yst ems 
arrangements 
i ns t r umen t . 
t c b a me t in 


Inc was to be fully rasponsible (or making all 
pursuant to conducting an in-mina test of this 
All MSHA rules, regulations and requirements were 
performing tha in-mina test. 


Adjunct Systems Inc was to conduct suitable investigations as to 
the feasibility of integrating the above mentioned sensor into 
a face alignment system including 


(a) The use of such components as a d i s p 1 a y / p r o c e s s o r having 
overall dimensions approximately 6" s 6" x 6", accepting 
signals from four asternal sources ii\ either digital or 
analog iO-5 v dc.) format, at input r'tas of up to one' 
sample par second 

(b) A visual display consisting of at least three differently 
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calorcd lightt individually d i s t i n g u t s h a b 1 • at up to fifty 
f a • t 

<:> A aainj of racordlng tha data on a amall singla channal 

taps raoordar having a intarnal cloak will alao ba invaat- 
igi^ad, and its ability to racord faur inputs an a singla 
channal by mu 1 t i p 1 a x i n g tha signal shall also ba varifiad. 

4. Adjunct Systams Inc was to supply to tha Covarnmant all hardwara 
davalapad ar oroaurad undar tha tarms of this Scopa of Work togat 
h a r with 


<a) drawings <caaplying with good anginaaring pcactica) of 
the h a r dwa r a 

operating instructions and a final report in two parts. 
th .1 first consisting of details of development of the 
aptiaal alignment device, design and test results augment 
ed by such illustrations as necessary to clarify the text 
and the 3 * c Z7\<1 , dealing with the results of tha feasibil- 
ity investigations 


According to the fourth reguirement, this report is divided into the two 
delinea.'sd parts Appended to the report are •'stand-alone" data sheets 


The summary remark :o this introductory section is that all reguirement s 
•vere cither met or exceeded 
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PART 1 


DETAILS or THE DEVELOPMENT OF THE 
or THE OPTICAL ALIGNMENT DEVICE 


<including oacign «nd t*it rftsultc) 
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2 CONCEPT OF THE FACE ALIGNMENT 
RECORDING SYSTEM 

Tha longwall (aca alignaant raeordar ia a davalo;aant oriantad toward 
amadiata uaa in coal aina anv t r onaant a . with aapanalon to raal t laa control 
It daalrad. Tha eonoapt involvaa tha uaa of a r a t r o r a f 1 a o t o r on tha ahaaring 
tachino body, a atandcrd ainar'a laap aa a aourca, aachanioal (aa coaparad 
with an alactrlcal aotor> drlva, along with photographic raoording uaing 
'olarold cclor photographic flla. Tha ratroraflactor ah own In tha picture of 
’'Igura 1 la aountad on a vartleal carriage that aovaa up and down according 
to the forces as a follower aovea along the drlva cogs. In the down position, 
he reflector is not visible. In the up position, it is visible. (Actually, 
the unit need not aove up and down with each cog cycle. A nechanical mech- 
n i SB can divide tha motion so tha positions change only once per roof support 
')r. other selected interval The only electrical component is*a standard 
miner's lamp No modiflcat'cn is made to the lamp Thus, the entire system 
IS immediately mine usable. The hardware can be modified to an electronic 
version with modest changes. Outputs such as shown in Figure 2 are available, 
tnd arc immediately useful to coal mine personnel Thev are made using an 
'.pparatus which sits stationary at the fresh air end of the longwall This 
apparatus, with cover removed, is shown in Figure 3 

The recording film is moved in a steady manner in a plane perpendicular 
: 0 the optical axis Light returning from the retroreflector passes through 
^ long focal length lens and through a dove prism to be imaged with an offset 
indicative of the angle *o the shearer. Hcrisontal and vertical displacements 
irc decoupled by use of a cylindrical lens near the film plane The dove prism 
rotates sich that it eliminates the need for rotating cylindrical lenses 


A r^troref lector is mounted 
on a vertical carriage that 
moves up and down according 
to the forces as a follower 
moves along the drive cogs. 
Ii. the up position, the re- 
flector is not visible. 

J.n the down position, it is. 



Figure The Retroref lector Portion of the "Quick Response" 

Concept . 
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Figure 2l. trajectories showing HiSALiCNriEtrrs or up to 

2-FXET ATID 5-FEET RESPECTIVELY. 



Figure 2b. ovetilay or new xz « yz TRAJECTonirs sho‘./i;ic 

THAT COttSIDERABLE CORRECTION HAS BEEN OBTAINED. 


7 








Figure 3. Closeup of Optical Arrangement for 
Recording 


(See Fig, <4 for call out diagram) 
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Thti rotating prism systsm has two advantagss. Ths first is that slavsd rota* 
tion at tha prism plans ic sasisr to implsmant than rotation in ths film plans. 
Furthsr, rotation of ths prism asssmblr 0 At\ bs ussd to Intsrjsot oolersd 
filtsrs into ths path ot light rsturnsd from ths r • t r o r s f 1 sc t o r . Ths oelorsd 
tiltsrs assurs separation of ths horitontal and vsrtioal ssposuras of ths 
colored film suoh that they can be indspsndsntly intsrprstsd whan ths dsvslop- 
ad film is raad through ap p r o p r i a t a 1 y oolorsd analysis filtsrs. 

Analysis of ths film is aecu^plishsd by obssrving tha imags through over- 
lays tyhich are ruled in such a way as to tnoluda ths triangulation oonsidsr- 
atlonr relating displacement on ths film to offset of ths shsarat as a 
(unction of distance down ths face. That distance is obtained simply by 
counting the number of point-llke esposurss along ths distance asis and mult- 
iplying by the distance of ona “pop up cycle “ of the retroreflector assembly 
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3. PHOTOCRAFHICALLy CONFICURED 


FACE ALIGNMENT SYSTEM 


A protctyp* F«e* Alignment Syitem fabricated for use in both coal 

mine and laboratory teete. The eyetem wat configured euch that it can evolve 
nto a laeer-baeed electronic unit, but was set up for near-term photographic 
recording. Figu'e 4 shows callouts for the recording portion of the system. 

. miner's lamp (1) produces light which is collimated and reflected from a 
!ront surface mirror (Z> affiaed to the escapement of a pendulum i3) which 
drives a clock motor (4). The light travels through a Dove prism <S) that 
IS rotated periodically by 45 degrees in accordance with a release mechanism 
dtlven by the clock motor This causes the light to intermittently scan 
aorixontally and vertically, depending upon the prism orientation. 

The light scan pattern is boresighted to the retroreflector shown earlier 
in Figure 1 Intercepted light is returned to the collecting objective (4) 
and is passed through a filter wheel (7) which is mechanically linked to a 
lecond Dove prism (C> Both Dove prisms are directly linked as suggested 
Sy the dashed line This brings about a relationship in wh ich synchronism 
IS maintained between the 'wo filter colors in the wheel and the positions 
if the prisms This second Dove prism serves to rotate the image being formed 
by the collecting objective in 40 degree steps This image, while still being 
urmed. is passed through the two cylindieal leneee <4 and 10) These lenses 
cause what would have been a focussed point, due to the retroreflected light. 

4 

4 

to instead appear as a vertically oriented focussed line passing through a 
narrow horiaontal slit (11) This arrangement affords complete decoupling 
of hotisontal and vertical movements of the retroreflector as a series of small 
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ipott rtcordttd on color film houstd in « transport assombly (12) allowtd to 
1 r o p si owl y, and in a constant nanna r. by a rack and pinion pair (13) ragulatsd 
by ths clock motor. On color spot raprasants varttcal data, anothar indicatas 
loricontaldata. 

As will ba discussed in subsaquant sactions, c.vmplata suocaas was obtainad 
in recording and decoupling the two movement asas, such that sidaways displaca- 
ment n tha film reprasants tha angla of borasight diffarancas wh i 1 a tha par- 
pendicular displacemant is associatad with alapsed t ima 

It is important to nota that much of tha optical machanism is not neaded 
if tha system is purely dedicated to photographic records. The front sur- 
face mirror attached to tha pendulum machanism, as wall as the first Dove 
piism, were not needed for the photographic tests made in the laboratory and 
in tha coal mines They are needed, however, if the unit is I'onvartad to an 
elcctroni'c version. Should ths unit be so converted, the pendulum machanism 
can be replaced with a motor drive. This has advantages for reduction in 
complexity and in size 

The system used for the mine tests has tha following physical character- 

1 S t ICS 


PETROBEFLECTOF ASSEMBLY 7"W X 7"D X 16"H 

Approx 20 pounds 

(without ’’rackets) 

10 cogs up / 10 cogs down 
reflector diameter 2" 

f 

a 

(2 arc minutes) 

RECORDING ASSEMBLY 14"W X 14"D X 17"H 

« * r ^‘'2 


12 


Approa. 4S pound* 

(without clook woight) 

30 sooond Intorval* b*tw**n 
p r 1 rotat ion* 

Ftla travol Ifi.S mm p • r hour 
Format on 4XS Polaroid film 
Typo 58. ASA 75 
Horisontal data u**a no flltar 
Vrrtleal data u*a* ambar filtar 
U*a* MSA “Min* Spot" lamp 


An tloctror.ic syitAm would u*a th* *am* r • t r o r a f 1 a c t o r aaaambly. but tha 
racording Assambly could b* raducad by a p p r o .i 1 ma t a 1 y 80% in volum* and 5 0% in 
weight 


I 

I 

I 
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<» TEST RESULTS 


S*v*t«l labor4tory t*«t* w«r» nmd* using tha systan 'lasctbad in tha pra- 
viouB coctlon Thasa tasta astabltshad tha viability of tha faca alignnant 
lystaiB In both tha photographic and tha alae.ronlc configurations. Follow- 
ing tha laboratory work, lasts wars mada at a longwall oparation in a coal 
ilna. Tha rasults cbtainad in both tasting raglmas ara sunmarisad in tha 
subsactions balow 


4 I LABORATORY TESTS 

Two catagoriai of laboratory tasting ware undartakan Tha first catagory 
vas oriantad toward astablishlng cradibility to axtand tha basic concapt to 
i laser a s a d alactronic version Tha second catagory of tests was dlractad 
toward ascertaining tha readiness of tha prototype system for coal mine tasting 
in an operating longwall shearer 

4 1 1 Electronic Viabilitv Tests 

The prototype system was fabricated such that the light source could be 


rat lected 

t r om a 

front surface 

planar 

mirror 

at t ached 

to the pendul um 

escape 

men t 

Z n 

this manner, the beam 

can be 

swe p t 

in the Y Z 

plane, wh ere Z 

1 s 

along 

t h • 

s V s 1 em 

pointing axis 

and Y i 

s the 

vertical axis This beam 

swe e p 

IS needed 

in the 

electronic ver 

Sion to 

f a c 1 1 

1 t a t e meet 

ing Bureau of Radio- 


/ 


logical Health requirements for laser safety Furthermere, the sweeping in 
tha laser based e.lactrcnic version is monitored by directly attaching an 


angular shaft encoder'to tha mirror rotational axis 


The use of the encoder 



. :o d«t«rmtn* ihcArtr off-anti position in roal ttmo is dstallsd in ths aarlisr 


rsfaronesd Tschnteal Rsport (submittsd to NASA in January 1981). 

I 

I Although' not nssdsd for ths photographic ooal mins tssts. ths inclusion 

1 4 

I 

^ of ths mirror scannsr in this prototyps allowsd d s i s r m i n a t i on that: 

I 

1 

I (3) Ths fisld of covsrags of a soannsd bsam would bs appropriats 

to anticipatsd shsarsr trajsctorlss 

t 

(b) Ths "transmit Dovs prism" would provlds nosdsd orthoginal 

1 

I s can r o t a t i ons . 

A minor's lamp was ussd to confirm ths swssp anglss and thsir rotations Tssts 
showsd a swssp sitsnt of 13-dsgrsss half angls, as wall as ths clsarly dafinsd 
90-dsgrss rotations nssdtd to dscoupls vortical and horisontal shsarsr dls- 
placsmsnts Accordingly, ths conclusion was rsachsd that convsrsion to ths 
laser based electronic system was a reasonable future step 

One observation was mads, however, that cars must bs taken in the select- 
ion of the cylindrical b e ams n r s a d i n g lens to allow for dispacements resulting 
frem offset u( the transmit Dove prism 

The tests on this critical scanning process were conducted during the 
senths of June and July, 1961. at Adjunct Systems Inc and were confirmed 
by ."IAS A .‘Mineral Extraction Office personnel 



photographic configuration in preparation for coal mine taeting The key area* 


of i n V a ■ t i ga t t on ware: 

(a) Tha ability to maintain conitant movamant of all optical and film 

t 

davtcaa for tha period of aaveral hours. 

<b) Sensitivity of tha film recording unit at ranges up to (00 ft. 

(o) Tha ability of tha rotating Dove prism to achieve oomplatanass 
of decoupling between horitontal and vertical displacements 

Laboratory tests were positive on all counts. The pendulum arrangement 
was operated several times for periods in escess of five hours under the load 
of both the prism assembly and tho film transport Nighttime tests were mads 
at ranges of )ust over 600 feet along Howe Avenue, alongside the Adjunct Sys- 
tems building, in the prasence of intermittent automobile traffic with lights 
turned on Acceptable eaposures were achieved with the amber colored filter 
in place, but the green filter exposure proved to be only marginal. Therefore 
the color combinations were changed from amber/green to amber/white for the 
V e r t 1 c a 1 / ho r 1 X on t a 1 records This assures dependable exposure levels at dist- 
ances of 600 feet or more 

Complete decoupling of horixcn.'al and vertical displacements was clearly 
demonstrated with the Dove prism rotation Figure 3 shows a phetograph of 
a decouple test made at short range The notations on the figure indicate the 
amount of movement off boresight The speed of the color film used is ASA 73 
Data was taken with all room overhead fluorescent lights on Nevertheless, 
data dots were clearly discerned on the color film (to a degree greeted than 
that reproduced in this black and white report copy) 


U-. 



Approximately 

Centered 

10 1-IRAD 
Right 

5 >aiAD Right 
and 10 MRAD 
down 

10 MRAD Right 
and- 10 MRAD Up 


10 MRAD Right 


Key ♦ Horizontal 
• Vertical 


(b) Results in fully lighted 
room with short baffle 
in front of receiving lens , 


Approximately 

Centered 


12 MRAD Left 


10 MRAD Right 


10 MRAD Upward 


Approximately 

Centered 



(a) Results in fully lighted room with 
no baffle 


Figure 5 Laboratory Results showing complete decoupling 
of Horizontal and Vertical displacements. 

Figures (a) and (b) are Four Times the origional 
Color Film size. 
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A Z 0 ncutrtl density filter le used et ranges less then 100 feet to keep 
the f 1 la from totally saturating, which causes the Image to spread. This Is 
dona as an aid to estimating resolution at long range. In praotloe, due to 
the t'r 1 gonoma t r y . this is not necessary bsoause high resolution Is not needed 
at close ranges. Furthermore, at very close ranges, much of the r e t r o r a f 1 eo t - 
ed tight does not enter the receiving aperture because the beam divergence 
IS low, thereby avoiding aitreae film eaposure. 

Both the Inside and outside laboratory tests show that resolution in both 
vertical and horizontal displacement Is vary close to 1.0 mllliradlan. This 
suggests a positional resolution of ap p r o a Ima t a 1 y seven Inohes at the tail gate 
of a 600-foot longwall track 


A calibration overlay was calculated for the face alignment system based 
on simole trigonometry. This overlay was made as oversize art, then photo- 
reduced to fit as a reticle in a magnifier routinely used in optics work. 

A copy of the oversized art is shown as Figure 6 


I 

f 

I 
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S . COAL MINE TESTS 


Arr«noan«nti w*r» B4d« with Jin V«ltar R«ioure*s to noko tosts 4t thatr t3 
nine in Boikonor. Al4b4B4. This nln* h4d boon vtiltod boforo ond tho nino non- 
4gor W4S fomillor with Adjunct Systono. Two trips woro undortokon. Tho first 
to n4ko propsrotions by oxsninlng tho sight ond noking Boosurononts for aount- 
ing tho r o t r o r o f 1 o c t o r to tho shosror. Tho soeond trip involvod oporotion of 
tho Foco Alignnont SvsIob on tho longwoll. 

5 1 PREPARATION TRIP 

Tho Jib Vsltor Rosourcos *3 nino w4s visitod on 14 August to asko prop- 
orstory contsets ond o bs o r v 4 t i on s . Tho rocording unit wos not tokon olong, 

4S It h4s no nschino intorfoco conploiitios Tho r o t r o r o f 1 o c t o r unit wos 
token into the nine, however, for ottochnont no o s u r omen t s 

Kino 03 hos recently oponod o now longwoll oporotion This oporotion 
differs considerobly froa thot 03 aino visited in tho post in thot it is 
completely lighted ond is l,,r.gor thon overogo Tho lights used ore stondord 
mine permissible fluorescent fixtures. These hove the potontiol to interforo 
with tho photogrophic version of tho Foco Alignment Recorder, but were not 
likely to be negoting In foct, moot of the loborotory testing hod beer, 
conducted in rooas fully lighted with lomps of similor spoctrol output The 
electronic version of tho system would be completely unoffected by the lights 
teexuse they hove very little omission ot loser diode woveler. gths 

The longwoll oporotion wos found to use cogging thot wos slightly diffor- 
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' cnt thin whit bt*r. pl^nnvd cn 7h : f wic net scnstdirid i r^r.joi ccr.ctrn 

rec^uii ths dt:te.*«r. :ir wtr* rinpiv i n.itt»r ct seilir. p It wif found thit 
thit roof lupports ipinncd i distinc* of eight cogi rithtr thin ten Th t ■ le of 
no rericue concequence. It einply n.eine that the distance nultiplier increases 
■*3y 12%. The cog sh;.pes at this face offer the advantage that the free space 

tetwen then is about eight inches. This leaves plenty of swing roon for the 

r 

racnet crit on the r e t r o r e f 1 e c t o r 

I 

f 

I The shearer prsgression rate on this wall was found to be unusually high 

On the average, the shearer noved approKimtely 20 feet per minute This 
IS many times faster than anticipated, but was of no lasting concern because 
a simple shortening of the pendulum arm would speed up the Face Alignment 

I 

Recorder enough to follow the movement Of greatest concern was the esist- 
erce of significant undulations in the shearer path This mandates mounting 
the recorder system at a high point near the head gate 

The Jilt Valter Fecources miring machir. erv mechanic escorting Adjunct 
Svstotas or. the preparatcry visit helped design a mcunting arrangement that 
would be suitable for olacing the retroreflector assembly on the shearer 
Me requested that the unit be left with him fer making the installation 
Oiackets in hit own shop This was done 

UUIGLNAL PAGE 

5 : loi.’Cval: :pif.\tii:i results OF POOH ()l]A!,!TS’ 

Jim Valtei Fescurces Mine S3 was revisited August 2S for testing cf the 
Feet Alicnmcnt Fecotder during the night shift The recording unit pendulum, 
was sr. orter. ed to increase the film and optical mevemer. t speeds by better than 
fC'A Thic war cere cr> the basis of the rate information aquired during the 
tiist visit However, this adjustment proved unnecessary because the shearer 
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during tht tacond visit opsrstsd at approRinatsly 12 fast par nlnuta and ba> 
lauaa manual sinulatlons wara nada (or raaaons diacuaaad balow. 

Tha prooaas of making tha r a t r o r a ( 1 ae t o r mounting braokat Involvad opanlng 
tha housing to bolt a staal plata to Its bottom. This, as mantlonad abova, was 
ganarously undartakan by parsonnal at Jim Waltar ftasourcas. Un f o r t una t a 1 y . tha 
r a t r o r a ( 1 ac t o r assambly was alraady waldad onto tha shaarar body bafora It was 
avldant tha eornar cuba alamant had baan knockad loosa Inslda tha housing. 

Tha daelslon was mada by Adjunot Systams Inc to avoid holding up tha longwall 
oparation (or tha langth of t Ima that would hava baan raqulrad to taar tha 
assambly back out to raplaca tha oornar cuba. A saeond oornar ouba had baan 
takan along (or such a eontingancy. This saeond cuba was usad (or manual 
tasts to ba dlscussad shortly. 

The r a t r o r a ( 1 ac t o r unit, shown balng mounted to tha shaarar in Flgura 7, 
was laft on tha shaarar body to monitor: 

(a> Tha durability o( tha unit in a working anvironmant 
(b) Tha raliability of tha ratchat movamant In raising and 
lowaring tha eornar cuba holdar 
(c> Vu 1 na r ab 1 1 1 t y to damaga if tha two ratchat diraction 

controls wara not switched whan tha shaarar diraition was 
ravarsad 

(d) Buildup of coa! dust and water spray on tha unit window. 

Tha findings wara vary favorable on all accounts. The unit was at no time in 
danger of being hit by any moving part of tha shearer or wiped against tha 
mine rorf Vibrations were of no observable consequence The up/dewn move- 
ments ware reliable and it is likely that tha unit would stay in working order 
for cstanded periods of time, short of some catastrophe such as a roof (all 




Jith the «ddttlon ot a saa 1 1 plata above the unit, which would bo oaaily woldod 
onto the ohtaror at the location uaod for thla toot. Howovor , at thia location 
tho ohoaror operator hae a tendency to walk In front of the light beam. Thla 
can be aided by moving the unlt'e poeltlon toward the head>gate tide on the 
cheater There la room for thla to take plaoe and preaerve the aforementioned 
featutee 

The ratchet movement waa watched carefully and found to be aa needed With 
the lever auapended into the oog apaoea, the requlaite one atep at a time waa 
obaerved. Furthermore. It waa found that an aatenaion to the lever waa needed. 
A rubber hlgn preaaure hoae waa out and preaa fitted to the lever to achieve 
the eatentlon Th i a need turred out to be fortultoua. Thla glvea a low coat, 
•aaily replaced, eaaily adjuated lever which la atlff enough to accomplish the 
aovement ot the corner cube, while being flexible enough to protect the unit 
durinn shearer backup 

Observation while the shearer progresses down the face suggest r that the 
window IS likely to make a complete pass without needing wiping At moat, 
the window might need wiping every 200 to 300 feet. The buildup la water 
spray, not coal dust. Therefore, as water drops get large they may coalesce 
and drip free ol the window From a dust standpoint, using the system while 
the shearer is receding from the headgate has the advantage that the cutting 
drum IS in its low position between the reflector and the recorder Which 
helps a little in suppressing the floating cf particles near the window 

The recording unit was positioned near the head gate It is shown in 
Figure 6 with a miner sitting next to it The ideal location appears to > 
be directly in line with the outflow of the Icngwall conveyor 

Since the r e t r o r e f 1 e e t t on tests were made with manual placement of the 
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jcrncr eub*. th* top e( tho rocerdlng uni^ w«j roaevod to allow diroet look 
at tho focal piano ao tho cubo waa raovod to various X. Y and Z positions along 
tho taco. Light ohinlng into tho recording optleo was found to properly foeus 
and to Bove correctly In response to source Bovements up/down and left/right. 
This was a source of enthusiasB not only beeauee It was pr oof -pos 1 t 1 ve of 
functioning in the dusty Bine conditions, but also because it suggests thst a 
beaB splitter could be used to allow real-tiBO observation of the BovsBente. 

t- 

T The longwall face was coBpletely lighted with fluorescent IsBps. The 

I 

question arisee, therefore, whether this lighting will unduly ooBpete with 

1 

the r e t r o r e f 1 e c I e d light. Figure 9 shows the results of sobs tests on the 
possibility A retroreflector was carried to various distances down the face 
Photograpghs were then Bade along the supports and along the conveyor. Even 
vith reduced quality of the printing in this report It can be seen that at 
near distances the r e t r o r e f 1 ec t e d light Is significant In coBparison with 
the roof sueport lights At longer distaYioss, the roof lights do not give 
enough light to Bake a photorecord. In contrast to the loss of isagery 
from the roof lights, the reflected light was still recorded at better than 
3S0 feet The only reason longer records were not Bade was the curvature 
of the face Bade for geoBetrical blocking However, the laboratory tests 
have already shown that 1 l ne - o t - s i g h t signal is high enough that the observed 
levels of dust in the nine will not negate ranges of fOO feet or better. 


5.3 MINE TEST SUMMARY REMARKS 


As a summary one can state that the viability of the Face Alignment Re- 

I corder was firmly established. 01 course, cosponents and housings need to 

^ be optimised and integrated into the shearer for long term survival and 
I 
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maintenance 


• • 

Hina eoop»r«tton tnd interest was high Before the systen intent was 
even esplained to the crew chief, he had already volunteered the fact that 
he would like so«e kind of allgnnent device. His needs are, however, real 

a 

tine. The observations described above ind teste that this would be possible 
even while photoreoording is ongoing. 

Adl«*net Bysteas Ino reooaaends that further work ov the unit is aerlted. 
This would include es t ab 1 i shaen t of a long tera test arrangeaent with a aine 
operation, as well as aodifieation of the recording unit for site reduction 
and nutation (as opposed to rotation) of the Dove prisas and filters. 
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Figure 7, 

Retrore fleeter Assembly being 
Moimted on Shearer Body 
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Figure 8, 

The Recording System Adjacent to 
Support at Readgate Conveyer End 
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Retroref lector at 200 feet viewed 
from under headgate roof support 


Retroref lector viewed at 350 feet from 
portion at head gate conveyer end 


/ / Figure 9 

Examples of Retroref lector Contrast in 
Region of roof support Lights at various distances 


DISPLAY /PSOCESSOR FEASIBILITY 


INVEST! CATIONS 


6 DESIGN CRITERIA 


Adjunct Systems Inc msde « survey of evaileble electronics to ascertsin 
he viability of incorporating off-the-shelf items into a d i s p 1 a y / p r o c e s s o r 
meeting the specifications outlined below A breadboard demonstration was 
^ade of the recommended system, which led to an implementation of the speci- 
icd system under a subcontract relationship with Fos t e r -K i 1 1 e r Associates. 
The results of tests made by Adjunct Systems using the FMA unit is discussed 
n the following section The last section shows a descriptor sheet pro- 
vided to the Mine Safety and Health Administration 


A d j unc t 

Systems Inc considered 

A 

controller 

and 

data 

logger that 

could 

be configured 

in a mine permissible 

a r r an g emen t . 

The 

basic 

s y s t em was 

to be 

>ackaged in an approKimately 6 in x 

6 

in. X 6 in. 

i n t 

e r i o r 

d imens i one d 

ex- 

olosion proof 

box 








The system was to have four analog input channels and one 6-bit digital 
input ports The analog input port channels were to accept 0 to 5 VDC signals 
nd the digital input port was to accept an 8-bit message The analog inputs 
were to be of differential form to help noise suppression. An additional input 
.ort would accept and count pulses from the Natural Background Sensor. Counts 
IS high as 4096 would be accomodated Count periods were to be programmable up 
tc 10 seconds duration The internal handling of counts would be in accord 
^ith the objective of the Natural Background Sensor to determine coal seam 
thickness in an effective manner with respect to practical manual control 

t 

The c on t r 0 1 1 e r / da t a logger was to be supplemented with a m i n e - p e r m i s s i b 1 e 
battery pack for its prime power This battery was to power all controller/ 


27 


loggir tI«ctronic>, th* digital data tap* r*cord*r and thr** output display 
lights Th* design goal was for 24 hours oft a single battery charge The 
display lights were to be of different colors and observable at a distance up 
to dC ft. They were to be programmable tc turn on in accord with modifiable 
software which could accept readings through the various input ports and us* 
these readincs calculations to determine the status of the shearing drum 
vertical settings with respect to a controlling algorithm 

The indicator lights were to have programmable pulse rates allowing duty 
cycles from 5 percent to 100 percent (continuous on). At least one software 
configuration must allow light activation such that if the shearer drum is out 
of tolerance low, then one color light appears. If the drum is within toler- 
ance the option must be allowed that either no light is activated, or a third 
color light is activated While not a mandated specification, consideration 
was to be giver, to augmenting the up/down color indications with a spatial 
cue such as upper and lower halves of a circle, up/down arrows, etc 

The controller subsystem was to be capable of update at rates compatablc 
vith man-in-the-loop control, but this rate should be variable by easily 
implemented software change The data logger was to be capable of up to 

130,000 bytes The data logger tape recorder was to b« capable of playing the 
recorded date back through the system with the following features 

1 The calculator portion of the system can be programmed to 
reduce and analyse the recorded data 

2 Output, either processed or taw, can be shown on the ^ 

t 

calculator display 

3. Output, either processed or raw, can be output directly 


8 . 


cn A printtr for Ih* putpott of h4td copy 


A!1 of thft abov* mcrttionod r »qu t r •man t ■ hav* baan nat. Taats of tha 
ayatcm In a nan- in- t ha- 1 oop oparation wara mada at tha mock longwall in 
3rucoton. An outlina of tha taata raaults ara glvan in tha naat faction. 
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7. BRUCETON TEST SUMMARY 


Th* systcn w«s takin to Brucoton aarly In August to tost its function 
’ith a Man - X n - t h • - L o 0 p arrangansnt using: 

(a) Tht acoustic follower. 

(b/ The shaarsr arm p e t an t x ome t • r . 

<e) A pulsa generator to simulate the Natural Background 
Sensor and 

<d) The downface distance measuring potentiometer, 
i photograph of the configuration is given as Figure 10. 

Cutting tests were not made because the roof overhang had not been cut 

back Therefore, tramming tests were made in which the arithmetic sign of 

.he Natural Background Sensor reading was reversed Operationally, the 

ihearer vertical control was guided manually by observation of three lights 

on the controller output window. Each light cued the operator as to the 

Irum height adjustment required to bring the cut within the preprogrammed 

error window The Adjunct Systems Inc technician changed the pulse gen- 

.^rator frequency to simulate different coal thicknesses These simulations 

aused the operator to respond with a vertical drum height adjustment. The 

acoustic follower, placed In a present cut location on the body of the shearer, 

hen determined the actual height from the body to the cut. which was recorded 

oth with the Adjunct Systems and F o s t e r -M i 1 1 e r units as a function of down- 

/ 

.ace distance 

A plot of one run is shown in Figure 11 This figure shows a record 
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t, 

s 

5 : 


Figure 10, 


Configuration Used in Bruceton Test, Battery 
Box is on Left and Controller/Data Logger is 
on Right. Lights and Calculator Display are 
Visible through the Window, 


or 
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MAN IN LOOP ♦-1INCH 

88i 88i 88i 88i 88 . 1981 TEST # 3 


Figure 11. Results of Third Run at Bruceton Mod; Loncii?all 
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which indicAta* tht opcr&tor w«c abl* to rtspond to th* Instruction lights 
and put ths drum hsight Insidt ths srror band within a p p r o x iioa t • 1 y two to 
four (stt of travsl Tht shtartt progrtsslon for tht ttst was about 12 fttt 
ptr minutt. This Is slightly loss than many longwalls optratt, but not so 
much loss that it ntgatts tht valut as a first ordtr conclusion. 

Tht systtm rtcordtd somt voltagt fluctuations corrtsponding to approx* 
Imatcly ont Inch. It was not possible to track down thtir source, which 
mav well have been the result of the unusual arrangement in which both the 
Adjunct Systems and the Foster Miller ana 1 og- t o-d i g 1 1 a 1 convertors were in 
use at the same time. 

The program cycle time was about seven seconds. Increased efflceincy 
of the coding might reduce this time to five seconds 

Complete d c c umen t a t i on on the system, which uses both proprietary and 
non - p r o p r 1 e t a r y devices from Hewlett-Packard, as well as Adjunct Systems 
fabricated microprocessor electronics and mechanical assemblies, has been 
supplied to F c s t e r -M I 1 1 e r Associates to pursue MSHA permits 
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LCMCVALL FACE ALICMKENT 
RECOFDINC SYSTEM 


Tht longwall (aet alignnant r*eord*r it a 
davalopmtnt orltnttd toward tnaadtatt utt 
in coal am# tn v l r onaan t ■ , with •tpantion 
to raal t lao control l( dotirod. The oon- 
eopt involvot tha uaa e( a r a t r o r • f 1 a c t o r 
on tha ahaaring aaehtna body, a atindard 
atnar'a 1 aap at a tourca, aaehanlcil <at 
ooaparad with an alactrioal aotor) drlva, 
along with photo gr*pltlc racordlng utlng 
Polaroid color photographic flla Tha 
ratroratlactor ah own in tha pietura to tha 
right la aountad on a vartloal carriaga 
that aoaat up and down according to tha 
forcat at a (ollowar aovaa along tha drlva 
coot In tha down petition, tha raflaotor 
It not vitlbla. In tha up petition. It It 
vitibla. (Actually, tha unit naad not aeva 
up and down with each cog cycle. A aachan- 
leal aachanita can dlv«da tha action to tha 
petitiona change only once par roof auppo»'t 
or othai taleetad Interval Tha only alac- 
trlcal eoaponant la a atandard alnar'a 1 aap . 
No aodificatlon it aada to tha laap. Thut, 
tha entire ayetaa It jaaadlataly alna utabla. 
Tha hardware can ba aodlflad to an alaetronlc 
vartion with aodatt ohangaa 

Outputa tuch at ihovm in tha gurat on tha 
next page are available, and are 1 aa a d 1 a t a 1 y 
uaaful to coal aina pattonnal They are aada 
ueing an epparatut which aita etationary at 
tha (rath air and of tha longwall. Thla ap- 
paratux, with cevar raaovad, it thown In tha 
figure bal cw . 






The recording (11a la aovad in a ataady 
aannar In a plana perpendicular to the 
optical atlt. Light returning f r oa tha 
r a t r o r a ( I ac t o r pattat through a long focal 
length lent and through a dove prita to ta 
laagad with an offaat Indicative of tha 
angle to tha thaarar. Horlcontal and vart 
leal d 1 1 p 1 ac aaan t t are decoupled by uta of 
a cylindrical lent near tha (iln plana. 

Tha dove prita rotataa tuch that It alia- 
inatat tha naad for rotating cylindrical 
lantet Th i a rotating prita ayttaa hat 
two advantagat. Tha (irat la that tlavad 
rotation at tha prita plana It aatiat to 
laplaaant than rotation in tha (11a plana 
Further, rotation of tha prita attaably 
can ba uaad to Intariact colored (iltara 
Into tha path of light raturnad (roa tha 
ratroraflaetcr. Tha colored filtara at- 
aura taparation of tha horlcontal and 
vertical axpoturae of the colored file 
tuch that they can ba i ndapandant 1 y 
intarpratod whan tha developed fila it 
read through appropriately colored analy- 
tic f I 1 t ar t 

Analyeit of tha flla ta aceoapliahad 
by obterving tha laaga through over- 
lay t which are ruled in tuch a way at' 
to include the t r I angu 1 a t i on contider- 
ationt relating ditplaceaent on tha flla 
to offtet of tha thaarar aa a function 
of dtatanca down tha face. That dittanca 
It obtained tiaply by counting tha nuaber 
of polnt-lika axpoturaa along tha ditt- 
anoa axle aultiplying by tha dittanca of 
one "pop up cycle" of tha r a t r o r a f 1 a c t o r 
act aab 1 y . 




The electro rtc monitor and data logger has bean specifically designed for use 
in ccal &in«B The svstem has the ability to operate several days on batter^ 
power i>r cor’inuously on primary sources System design makes it possible f* ^ 
cn operator o perform even the most sophisticated operations with very little 
training Tl.is results from the availability of prepackaged computer software 
which lit cal.ed into action at the push of a single button 


CENEPAL CMAPACTEPISTICE 

Feoerds on magnetic tape 

Analyses data in either real time er eff line 
Controls machinery in either real time or off tape 
Displays in lights, audio and/or digital LCD output 
F e p r o g r amm a b 1 e with magnetic cards or remotely with 
an optical reading head 
Talks to other computers 

Housed in an esploslon proof fi'‘rfi"slO'* bos 
Powered from a single sis volt source 
Fequires less than one ampere current 
Accepts multiple analog Inputs <up to 20 ports) 
Accepts pulsed Inputs (up to 4 ports) 

Accepts digital inputs (8-bit words, up to 4 ports) 
Has up to £ ports for command output 
Weighs I lbs without XF bos. 73 lbs with 


' FECOFDINC CHAFACTERISTICS 

Can record continuously without computer control 
Can be activated by the computer, which executes turn on 
based cn the sensor inputs or preprogra mm e d times 
Holds 2 000 words :n the computer tnd ICC. 000 or> the tape 
Can play back threugh built-in computer (which can process 
and plot data at came time) or to an outside computer 
Has matching paper tape p r i n t e r / p 1 o t t e r 

AKALY518 OPTIONS (PUSHBUTTON CONTROL OF PREPACKAGED SOFTWARE) 

Standard Statistics, including 

Mean 

Standard deviation 
Cross correlation 

Non - p a r ame t r 1 c Statistics, including 
Rank order 
Trend tests 

Quality control algorithms 
Curve fitting and projections 
Other mathematical and control programs can be prepackaged 
on request 

Programs can be pushbutton activated 
Input from simple magnetic card 

3C. 
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